Hospital readmissions can be detrimental to patients and may interfere with the potential benefits of the therapeutic procedure. Government agencies have begun to focus on reducing readmissions; however, the etiology of readmissions is lacking. OBJECTIVE: To report the national rates, risk factors, and outcomes associated with 30-and 90-d readmissions following surgery for intractable epilepsy. METHODS: We queried the Nationwide Readmissions Database from January to September 2013 using International Classification of Diseases, Ninth Edition, Clinical Modification codes to identify all patients with intractable epilepsy, who underwent hemispherectomy (01.52), brain lobectomy (01.53), amydalohippocampectomy, or partial lobectomy (01.59). Predictor variables included epilepsy type, presurgical diagnostic testing, surgery type, medical complications, surgical complications, and discharge disposition.
reveal unique problems. Kim et al 1 found that 30-d readmission indices underestimated true readmission rates.
A few studies have reported readmissions in patients undergoing surgery for intractable epilepsy using the Nationwide Inpatient Sample (NIS), which can evaluate in-hospital outcomes. 2, 3 Furthermore, other studies are limited to a handful of single-center retrospective cohorts with small sample sizes. 4 In 2013, under the Healthcare Cost and Utilization Project (HCUP), the Agency for Healthcare Research and Quality (AHRQ) released the Nationwide Readmissions Database (NRD), which combines the strengths of the NIS and the State Inpatient Databases (SID) to enable researchers to perform analyses at the national level. Thus, we sought to report the national rates, risk factors, reasons, and outcomes associated with 30-and 90-d readmission.
METHODS

Data Source
The NRD was released in 2013 as a new addition to the HCUP family and was designed to enable researchers to effectively analyze readmissions. 1 The NRD contains approximately 36 million weighted discharge records 5 and is equipped with the strengths of NIS, namely sample size, with the addition of data elements from the SID, including the patientlinkage number, days-to-event variable, and hospital length of stay. The AHRQ's Clinical Classification Software is a helpful tool that collapses the multitude of International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) codes into clinically meaningful categories. 6 The required HCUP Data Use Agreement Training prohibits users from reporting any cell size representing less than 11 patients. 5 Neither Institutional Review Board (IRB) approval nor patient consent was required.
Study Design
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guideline checklist for retrospective cohort study was utilized. To define the index visit, we queried the NRD to identify all patients in the 2013 NRD who underwent epilepsy surgery between January and September. We excluded the last 3 mo to enable the evaluation of 90-d readmissions.
Participants
We searched all NRD diagnosis fields to identify patients with intractable epilepsy-related ICD-9-CM diagnoses (345.x1, exclude 345.2, 345.3, 345.61, 345.71). 7 Among this cohort, only patients with ICD-9-CM procedure codes for epilepsy surgery (01.52, hemispherectomy; 01.53, brain lobectomy; 01.59, partial brain lobectomy or amygdalohippocampectomy [AHC]) were included. 3, 7, 8 Setting A patient's first readmission following surgery was considered a readmission, but all preadmissions and subsequent readmissions were excluded. The NRD treats same-day readmissions and transfers as a single discharge record.
Predictor Variables
We abstracted and defined variables pertaining to patient demographics, pre-existing comorbidities, admission characteristics, hospital characteristics, presurgical diagnostic testing, and type of procedure (hemispherectomy, lobectomy, AHC, partial lobectomy/ lesionectomy). The patient demographic variables included categorical age, gender, payer status, and median household income. Pre-existing comorbidities were scored using the Elixhauser Comorbidity Index as computed by AHRQ. 9, 10 Admission characteristics included admission type and day of admission. Hospital characteristics included bedsize, hospital type, and hospital location. We used ICD-9-CM codes to define more specific types of epilepsy, including generalized epilepsy (345.01, 345.11), localization-related complex partial epilepsy (345.41), localization-related simple partial epilepsy (345.51), and other intractable epilepsy (345.81, 345.91). The presurgical diagnostic tests evaluated were video electroencephalography (VEEG; 89.19) and intracranial electroencephalography (IEEG; 02.93).
Outcome Variables
The primary outcomes of interest were hospital readmission within 30 and 90 d. However, we defined additional variables for complications, length of stay, total hospital costs, discharge disposition, and inhospital mortality. We defined surgical complication using secondary ICD-9-CM codes including stroke and hematoma (432. Discharge disposition was dichotomized into "routine" and "adverse discharge," meaning any discharge other than routine (transfer to skilled nursing, intermediate care facility, short-term acute-care hospital, or home health care). 5 The NRD contains a total hospital charges variable; however, HCUP provides users with cost-to-charge ratio files to convert "charges" to "cost," which reflects how much hospitals actually received in payment. 13 
Statistical Methods
The SPSS v.24 statistical software (IBM Inc, Armonk, New York) was used for analyses (alpha 0.05). In SPSS, we used the complex samples function, which requires the stratum, cluster, and discharge weights to produce national estimates. Subgroup analysis was performed to compare causes of admission by type of surgery. Risk factors for readmission were identified using univariate and multivariable analysis (Chi-square test for categorical variables, independent samples t-test for continuous variables). Due to limited sample size for individual comorbidity and complication groups, these variables were treated as composite variables in analyses. Variables with statistical significance in the univariate analysis and/or strong clinical justification were entered in multivariable logistic regression model. Discharge disposition was dichotomized into the variable "adverse discharge" in which any discharge other than routine (transfer to skilled nursing, intermediate care facility, short-term acute-care hospital, home health care).
RESULTS
Participants
A total of 1587 patients who underwent elective AHC/partial lobectomy (77.9%), lobectomy (23.2%), or hemispherectomy (4.2%) for intractable epilepsy were identified in the NRD between January and September of 2013. The intractable epilepsy types included complex partial (57.0%), simple partial (17.6%), generalized (4.8%), and other (24.7%). The rate of IEEG and VEEG presurgical diagnostic testing during the index hospitalization was 35.8% and 27.4%, respectively.
Descriptive Data
The mean age of the surgical cohort (±standard deviation [SD]) was 29.9 ± 1.4 yr, 49.2% were female, and 56.6% had at least 1 pre-existing comorbidity. The most common comorbidities were fluid/electrolyte disorder (14.0%), paralysis (12.6%), depression (11.9%), obesity (9.6%), and hypothyroidism (6.1%). The vast majority of surgeries were performed in teaching hospitals, so this predictor variable was not considered in further analyses. A total of 456 surgical complications and 78 medical complications were reported during the index surgical visits, but fewer than 11 patients suffered in-hospital mortality. The most common surgical complications were blood transfusion, stroke or hematoma, and intracranial infection (Table 1) . Furthermore, the most common medical complications were thromboembolic and respiratory ( Table 1 ). The mean cost of a surgical visit was $49 779, and the average length of stay was 8 ± 0.6 d.
National Rates, Causes of Readmission, and Discharge Outcomes
A total of 183 (11.5%) patients from the surgical cohort were readmitted within 30 d, and 267 (16.8%) patients were readmitted within 90 d. The most common reasons for both 30-and 90-d readmission were persistent epilepsy, VEEG monitoring, postoperative infection, and postoperative CNS complication (997.01; Table 1 ). The rate of persistent epilepsy varied by surgery type: partial lobectomy/AHC (6.0%), total lobectomy (6.8%), and hemispherectomy (3.0%). The rate of postoperative infection also varied by surgery type: partial lobectomy/AHC (2.0%), total lobectomy (1.3%), and hemispherectomy (7.2%). VEEG did not vary by type of surgery. Readmission visits within 30 d were associated with longer length of stay during readmission (6.8 vs 5.8 d), greater costs ($18 660 vs $15 515), and increased percentage of adverse discharges (26.4% vs 21.8%) than readmissions within 90 d (Table 1) .
Main Results
The complete univariate analysis of various variables on 30-and 90-d readmissions is shown in Tables 2 and 3 . The rate of 30-d (P = .007) readmission, but not 90-d readmission (P = .078) was significantly higher among Medicaid and Medicare patients compared to privately insured. Overall, the rate of both 30-d (P = .024) and 90-d (P = .031) readmissions increased with the number of pre-existing comorbidities. Upon examination of 31 individual Elixhauser comorbidities, depression (11.9%) was the only one associated with significantly higher rates of 30-d (27.9% vs 11.5%, P < .001) and 90-d readmission (33.9% vs 16.8%, P < .001). Compared to the average medical complication rate among surgical patients of 5%, patients readmitted at 30 or 90 d had rates of 33% (P = .002) and 39% (P = .005), respectively, during their initial surgical visit. Descriptively, the rates of readmission among patients who suffered from surgical complications during the index visit were higher, but were not statistically significant. Lastly, prolonged length of stay and increased total hospital costs during the index visit were associated with 30-and 90-d readmission (P < .0001). We performed a multivariable analysis to identify predictors of prolonged length of stay, and the significant variables were 3+ pre-existing comorbidities (odds ratio [ (Table 4) . In subgroup analysis, Medicaid patients had a higher rate of 3 or more comorbidities (19.3% vs 13.2%, P = .03) than Medicare patients. Depression was significantly associated with increased likelihood of both 30-d (OR: 4.2, 95% CI: 1.9-9.4, P < .001) and 90-d readmission (OR: 3.7, 95% CI: 1.7-7.7, P = .001).
Patients receiving hemispherectomy compared to other surgical approaches were more likely to be readmitted at both 
DISCUSSION
Cause of Readmissions
The major cause of readmissions is persistent epilepsy and VEEG monitoring. It is well known that epilepsy surgery success rates range from 50% to 80%. 14, 15 Hence, it is not surprising that patients might require readmission for additional monitoring or management of persistent seizures. Similar findings in a smaller study were reported by Wilson et al 16 who examined the records of 100 consecutive epilepsy patients undergoing anterior temporal lobectomy. Twenty-one (21%) of patients required readmission. 16 The most common cause of readmission were psychiatric reasons (anxiety, depression; 53%), and the second most common cause was persistent epilepsy (28%). 16 In our multivariable analysis of risk factors, depression was the only pre-existing comorbidity that was significantly associated with increased likelihood of readmission. Similarly, Kanner et al, 17 in a retrospective review of 95 TLE patients, demonstrated that a life-time history of depression preoperatively was a predictor of worse postsurgical seizure outcome, specifically, less likely to be seizure free.
Patient demographics and hospital type were found to influence the rate of readmissions. We found that Medicare but not Medicaid or privately insured were significantly more likely to be readmitted within both 30 and 90 d. Medicare patients are typically much older than Medicaid patients and may be more likely to have medical comorbidities. Upon further subgroup analysis, we found, however, that Medicaid patients had a higher rate of 3 or more comorbidities (19.3% vs 13.2%, P = .03) than Medicare patients. Medicare patients are less likely to have socioeconomic barriers to medical care compared to Medicaid patients. However, this could not be further evaluated in our dataset. Aggressive maintenance of antiepileptic medications after surgery might reduce readmissions for persistent epilepsy or OPERATIVE NEUROSURGERY monitoring. Likewise, scheduled visits with psychiatrists, therapists, and social workers might prevent psychiatric issues from arising as frequently after surgery. The categorical variable for median annual household income was statistically significant, but we were unable to identify clinically significant trends. For example, the analysis found that patients in the 51th to 75th percentile were less likely to be readmitted compared to patients in the 0 to 25th percentile. However, this trend did not apply to the 76th to 100th percentile in terms of income. Smaller hospitals (fewer beds) were significantly more likely to have 30-d readmissions compared to larger hospitals. Larger hospitals are known to have more resources, including advanced technology, and are more likely to be teaching facilities. Furthermore, smaller hospitals generally represent lower volume centers with less experience and are more likely to reach capacity, potentially prompting premature discharges. However, the precise characteristics of smaller hospitals that lead to more readmissions were not able to be queried from our database. A similar argument can be made for hemispherectomy surgery. These surgeries are often performed on young children and are long, tedious surgeries, which often require blood transfusions. Vadera et al 11 utilized the NIS to identify 304 pediatric patients who underwent hemispherectomy between 1988 and 2010. They found that 56% of patients encountered a complication (42% related to surgery). 11 In the pediatric population, undergoing such a long, complicated surgery prone to blood loss likely necessitates a transfusion as part of the procedure, and it is unclear if this is truly a preventable complication. The length and complexity of the surgery likely also increased the risk of postoperative infection, as borne out by our data.
Frequency and Timing of Readmissions
Prior studies of readmission for epilepsy have been examined as a subgroup of all craniotomies and not thoroughly analyzed. Moghavem et al 18 investigated unplanned 30-d readmissions utilizing the SID for California, Florida, and New York. They identified 43 356 patients, of which 2.80% underwent cranial neurosurgery for seizure. 18 Thirty-day readmissions were 13.89% for the seizure cohort. 18 Significant predictors for readmission included male gender (OR 1.74; 95% CI 1.17-2.60) and initial admission via emergency department (OR 2.22; 95% CI 1.45-3.43). 18 Taylor et al 19 investigated unplanned readmissions following neurosurgery utilizing a statewide database for New York. One hundred fifty-four patients had epilepsy surgery, and the 30-d readmission rate was 7.14%. 19 The overall most common reasons for unplanned readmission included infection (29.52%), medical complications (19.22%), stroke (6.09%), and venous thromboembolism (5.71%). Postoperative seizures accounted for less than 5%. 19 Our study presents quite different conclusions for top reasons for readmission, but postoperative seizures accounted for approximately 5.88% of patients, similar to the aforementioned results. It is possible that results from our study vary due to the nationwide nature of the population as well as aspects of coding database queries.
Our readmission rates for 30 and 90 d (11.5% and 16.8%, respectively) are of similar magnitude to previously reported studies: 7.14% to 21%. Almost two-thirds of the readmissions occurred within 30 d. Rates vary, however, due to study design including single-institution, 16 The most common medical complications likely resulted from mechanical ventilation and immobility or deep venous thrombosis (DVT). Therefore, additional attention is deserved for preventing these medical complications, ie, DVT prophylaxis, early ambulation, and incentive spirometry. 20 Our results indicate that medical, rather than surgical, complications are a stronger contributor to the likelihood of readmission. However, no patient had more than one reported medical complication during index hospitalization. Furthermore, upon descriptive analysis, patients with surgical complications appeared to have higher rates of 30-d (16.2% vs 10.7%) and 90-d (37.1% vs 16%) readmission. Thus, these comparisons likely failed to reach statistical significance due to lack of statistical power resulting from the relatively low number of surgical complications.
Limitations
The NRD maintains patient-linkage numbers to track patients longitudinally, which is a limitation of other databases. The NRD does have limitations including its dependence on ICD-9-CM coding, with varying sensitivities and specificities, and small percentage of missing data for some variables. [21] [22] [23] [24] [25] [26] [27] It is possible that additional causes of readmission listed in secondary diagnosis fields were missed. Since the NRD was only available for 1 calendar year when this study was conducted, our follow-up time was limited. In order to have a substantial population size for analysis as well as a reasonable follow-up period, we included surgeries performed during the first 9 mo of the year and left the remaining 3 mo (90 d) as a window to capture readmissions. Since the diagnoses in the dataset are compiled by medical coders, not clinicians, the diagnosis of stroke and hematoma is likely overestimated since most routine postoperative imaging will show some degree of blood and/or clinically insignificant ischemia. However, if this complication was not specifically entered into the patient chart by the clinical team, it is unlikely to have been coded or billed. Additionally, the NRD, like other databases, lacks functional status, clinical exams, radiology impressions, surgeon details, and surgical technique. Quality of life is not recorded or tracked in the NRD. Certain univariate variables could not be considered in the multivariate analysis due to small sample size.
CONCLUSION
Minimizing factors that contribute to readmission in various patient populations and procedures becomes important for patient care, resource utilization, and physician reimbursement. In epilepsy surgery, the majority of readmissions occurred within 30 d, and the causes of readmission were similar within 90 d: persistent epilepsy, postoperative infection, and postoperative CNS complications. Awareness of the reasons for readmission is important for patient counseling and surgical decisionmaking. In epilepsy surgery, readmissions might be reduced with optimization of pre-existing comorbidities particularly in the elderly, minimization of complications, close follow-up with hemispherectomy patients, and adequate control of epileptic seizures during the index visit. However, persistent seizures after a procedure with a known efficacy of only 50% to 80% might not be avoidable.
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